he spectrum of infective endocarditis (IE) is changing: the predisposing cardiac factors have changed 1 and the patient population has become older. 2 Patients positive for human immunodeficiency virus (HIV) and intravenous drug abuse (IVDA) patients have emerged as important subgroups, 3, 4 and a growing number of invasive therapeutic measures have also altered the clinical picture, 5 with nosocomial infections comprising a substantial number of cases of IE.
Results

General Characteristics of the Patients
Of 24,938 discharge records reviewed, 194 cases fulfilled the criteria for IE (definite or possible) and were included in this study. Table 1 summarizes the characteristics of the patients. There were 137 men and 57 women, ranging from 6 to 82 years of age. Nosocomial infection and patients on chronic hemodialysis appeared to be more frequent in the 90 s, and a prehospital dental procedure, caries and periodontitis were the most common presumed portals of entry. Intravenous catheter use was the most important source in hospital-acquired infection (10/11, 90%). As for underlying cardiac risk factors (Table 2) , prosthetic valve was more frequently observed in the 90 s (p=0.006).
Clinical Findings on Admission
The clinical presentations on admission are listed in only by transesophageal echocardiography. The affected valves were similar between the 2 decades, and the mitral valve was the most commonly infected throughout the 2 decades. Right-sided IE constituted only 4.1% of the whole series. Prosthetic valve endocarditis was significantly frequent in the 90 s. In approximately two-thirds of patients, the portal of infection was not identified.
Microbiological Findings
The results of blood culture are shown in Table 4 . Staphylococcal IE had a tendency to increase (6.4% vs 14.4%, p=0.06), and methicillin-resistant S. aureus (MRSA) was isolated significantly more frequently in the 90s (0% vs 10.1%, p=0.006). MRSA IE comprised 7/10 of the staphylococcal IE cases in the 90 s, and 2 of the infections were community-acquired. Patients with staphylococcal IE had a significantly shorter prehospital period than those with non-staphylococcal IE (6.5±9.5 vs 45.2±42.1, p<0.001).
The major causative organisms of prosthetic valve endocarditis in the 80s were viridans streptococci (4/18: 22%) and Enterococcus (4/18: 22%) followed by S. aureus (2/18: 11%). In the 90s, the main pathogen was S. aureus (6/22: 27%) followed by viridans streptococci (4/22: 18%).
Treatment and Outcome
Choice of therapy and the outcomes are shown in Table 5 . There was no significant difference in overall in-hospital mortality (13.6% vs 18.8%, NS), and total hospital stay (76±64 vs 85±62 days, NS) between the 2 decades. Staphylococcal IE showed significantly higher mortality than non-staphylococcal IE (55.5% vs 11.3%, p<0.0001), and medical treatment of MRSA IE resulted in 100% mortality (5/5). Culture-positive IE had a similar in-hospital mortality rate as culture-negative IE (14.5% vs 15.7%).
Multivariate (logistic regression) analysis included the following risk factors: sex, age, heart failure, neurological symptoms, systemic embolization, renal insufficiency, prosthetic valve endocarditis, vegetation, abscess, diabetes mellitus, and S. aureus endocarditis. Neurological abnormalities, renal insufficiency, and staphylococcal IE weres identified as the independent predictors of in-hospital mortality (Table 6 ).
Discussion
Investigation of a cohort at a community hospital in Tokyo revealed the changing clinical spectrum of IE. Although the hazard of biases 14 may not have been fully Table 6 Predictors of In-Hospital Mortality excluded, substantial, constant changes in the clinical picture seem to be present in both hospital-based 1,2,15-17 and epidemiologic reviews. 10, 18, 19 In the present series, we found that IE occurred in an older age group and prosthetic valve endocarditis had become more frequent, probably as a result of the increasing number of prosthetic valve procedures, and the longer survival after cardiac surgery. There were no IVDA or HIV-positive patients in this present consecutive series, which reflects the differing background characteristics of cases of IE from the United States and Europe, with relatively fewer such patients in Japan. 20 The limited number of cases of right-sided IE in the study cohort reflects this difference in the patient population and in addition, this study had less patients from the 90 s compared with the 80 s. Epidemiological studies have shown an increased incidence of IE, 10,21 partly attributable to IVDA, 21 but we could not obtain definite information on this increase of IE in the 90 s from our study.
The growing number of invasive procedures has also influenced the clinical picture of IE. In a recent report from a tertiary care medical center, patients on chronic hemodialysis constituted almost 20% of all IE cases, 5 and the present cohort also showed a tendency to increased numbers of such patients. However, this study was not designed to compare the risk of IE in patients receiving hemodialysis, but these patients may develop into a significant subgroup in the future.
In terms of causative microorganisms, streptococci were still the main pathogen. However, the proportion of culturenegative IE was equal in the 2 decades. Staphylococcal IE appeared to increase in frequency and MRSA IE was significantly frequent in the 90 s, with cases even found among outpatients, but the source of infection was undetermined in approximately 50% of cases of staphylococcal IE. A substantial proportion of the cases of S. aureus bacteremia would have an endogenous origin, 22 but clarifying the portal of infection should an essential diagnostic process. Because there were no IVDA patients in this study cohort, we cannot determine the reason for the change in causative microorganism.
Transesophageal echocardiography, which was introduced into clinical use in the 90 s, has a high sensitivity for abnormal cardiac lesions, but the echocardiographic findings throughout the present study period did not different, which is compatible with a previous report 15 that also failed to show any differences.
In the 90 s, surgical treatment resulted in very low mortality even in active IE, but the choice of therapy might not be based on the same standards and biases can influence the outcomes in a retrospective analysis. Therefore, it cannot be proved that surgery is superior to medical therapy, but it seems likely that the surgical results of active IE are acceptable.
The rapid progression of staphylococcal IE can explain the shorter prehospital period for those cases than for those with non-staphylococcal IE. Staphylococcal IE is associated with high morbidity and mortality, 2, 16, 23, 24 and those poor outcomes were confirmed in this study. Early surgical intervention [25] [26] [27] is justified, especially for acute IE when staphylococcal IE is strongly suspected. The increasing isolation of MRSA among outpatients 28 also warrants thorough clinical investigation and early surgical consideration of such cases.
We found that the independent predictors of in-hospital mortality were neurological abnormalities, renal insufficiency, and staphylococcal IE. Increased patient age, congestive heart failure, and prosthetic valve endocarditis also showed higher mortality; however, these factors fell slightly short of statistical significance. Our findings have much in common with other recent reports. 2, 5, 15 We found an increased patient age and increased frequency of prosthetic valve endocarditis between the 2 decades. Staphylococcal IE, an independent factor associated with mortality, had a tendency to increase and MRSA IE was significantly frequent in the 90 s. The changing clinical spectrum of IE influences the clinical outcome 5 and elucidating current trends is essential for determining the appropriate therapy for this highly morbid disease.
Study Limitations
This study was a retrospective analysis in one community hospital, and only a limited number of patients were included. Biases may have been present.
Conclusions
The clinical spectrum of IE at a community hospital in Tokyo appears to be changing, even among a non-IVDA /HIV population. In this series, the independent predictors of in-hospital mortality were neurological abnormalities, renal insufficiency and staphylococcal infection.
